Abstract-An experimental work is obtained for the test force displacement curve of functionally graded Shape Memory Alloy (SMA) laminate subjected to three point bending test. The laminate is uniform and composed by five layers including three SMA layers and two ceramic layers. The relationship between the test force and the displacement for the functionally graded shape memory alloy laminate subjected to three point bending test is finally given.
INTRODUCTION
The Shape Memory Alloys (SMAs) show a variety of remarkable engineering properties, most notabley the shape memory effect and pseudoelasticity [1, 2] . They are used in a wide range of applications including actuation mechanisms [3, 4] . Due to the unique behaviors such as special shape memory effect, superelasticity and good biocompatibility of SMAs, this list of applications continues to expand.
Mechanics of Functionally Graded Materials (FGMs) have been extensively studied by researchers in the past two decades [5] . Due to the ability of FGMs to solve such complicated problems, these materials have been explored for engineering applications in thermal, structural, optical and electronic materials [6] [7] .
For more excellent mechanical properties, the Functionally Graded Shape Memory Alloy (FG-SMA) composites, as a special case of the FGMs using SMA as the metal phase, are being developed incorporating a wide variety of matrices [8] . By developing such a composite, the material can meet the requirement of high temperature conditions and possess higher mechanical properties [9] . The artificial compressive residual stress and the mechanical properties of composites will be improved significantly [10] . Besides, these materials have great promise in the biomedical area where it can be used for hard tissue replacement [11] . Furthermore, these composites have great potential to be used in new sensor technology, information technology and the emerging field of smart materials systems [12] [13] .
In this paper, the mechanic behaviors including the theoretical solution and the experimental result are given. Firstly, the experimental result for the test force displacement curve of functionally graded shape memory alloy laminate subjected to three point bending test is given. The bending modulus of the laminate is given and combing with the constitutive model of the SMA, the theoretical result of the relationship between the test force and the displacement is then obtained. At last, the two results are compared with each other..
II. EXPERIMENTAL WORK
Consider a five-layered system made up of a compositionally grade layer in between a homogeneous ceramic material and an SMA material. As shown in Fig. 1 , the up layer is considered as the SMA and the second layer is considered as the homogeneous ceramic, the mid layer and the lower layer are SMA and the forth layer is the homogeneous ceramic. The system is stress free at the initial case and the stress free is kept on all boundary surfaces.
Let the total length, width and height of the multilayer system be given by , l w and h , respectively, see Fig. 1(a) . The geometry of the model allows it to be idealized as an equal biaxial stress plate, and the variables of interest depend only on the out of plane coordinate y . The in-plane geometry of the layered structure is shown in Fig. 1(b) . The interfaces between the different layers are assumed to be perfectly bonded at all times.
The materials are purchased from Beijing Jiyikemao limited company. The laminate is composed by five uniform layers including 3 SMA layers and 2 ceramic layers with equal thickness. The initial thick of each layer are 3mm, and the final thick of the whole laminate is 1mm after the high-temperature pressing. The functionally graded SMA laminate sample can be shown in Fig. 2 . The dimensions of sample are 100×2×150mm3.
The bending properties of the functionally graded SMAs were determined by the load-distortion curve obtained from the three-point bending test. The sketch of the three point bending test can be seen in Fig. 3 . And the experiment device is the MTS universal tester. Then start the experiment with the loading rate is 0.0005in/sec, and the maximum loading is 95KN, then unloading. The relationship between the test force and the displacement of the functionally graded SMA laminate is then obtained in Fig. 4 . As seen in Fig. 4 , the elastic stage of the functionally graded SMA laminate shows not a straight line, and the strengthen stage is also show an indiscipline curve. 
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III. CONCLUSIONS
A five-layered system made up of a compositionally grade layer in between a homogeneous ceramic material and an SMA material is first designed in this work. The entity functionally graded SMA laminate which composed by five uniform layers including 3 SMA layers and 2 ceramic layers with equal thickness is then produced by high-temperature pressing. Using the MTS universal tester, the relationship between the test force and the displacement of the functionally graded SMA laminate under three-point bending test is finally obtained. The results show that the elastic stage of the functionally graded SMA laminate is not a straight line, and the strengthen stage is also indiscipline.
